We design and describe here a simple route for the synthesis of a new multi heterocycle fused 1,4-oxazinopyranoquinolinones compatible with many functional groups. This method proceeds through various cyclic condensation reactions of (3-amino or 3-nitropyrano)[3,2-c]quinoline-2,5(6H)-dione precursors with different 1,2-bifunctional electrophiles. The synthesized compounds are confirmed by infrared (IR), proton ( 1 H) and carbon-13 ( 13 C) nuclear magnetic resonance (NMR) spectroscopy and electrospray ionization mass spectrometry (ESI-MS).
Introduction
The synthesis of many new different polycyclic heterocycles has received a large interest in research on organic, combinatorial, and medicinal chemistry. [1] [2] [3] [4] [5] Oxazines heterocycles are special arresting group of compounds known to show effective biological and medicinal properties. 6 The 1,4-oxazine scaffold is a structural subunit of many naturally occurring and synthetic bioactive compounds and have many biological activities such as anti-inflammatory, 7 antiulcer, 8 antipyretic, 9 antihypertensive, 10 antifungal, 11 antirheumatic agents. 12 Pyrano[3,2-c]quinolinones skeletons, including both quinolone ring and pyran moiety, have received much attention due to their various biological properties. [13] [14] [15] [16] Despite this extensive body of published work on the biological activities of these two types of heterocycles, we did not find any literature reports pointing to the heteroannulation of an oxazine nucleus with the pyranoquinolone moiety in one fused molecular frame. Rings annulated to the pyranoquinolinone units showed potential medicinal properties such as antibacterial, 17 anticoagulant, 18 antitumor, 19 and microtubule-targeting agents. 14 Prompted by the encouraging literature precedent we embarked on the synthesis of this fused heteroannulated system. We recently reported the preparation of synthetically valuable 3-amino-4-hydroxypyranoquinolinone (1) as a versatile precursor for hetrocyclization reaction of pyranoquinolinone. 20 Herein we utilize 3-amino-4-hydroxypyrano[3,2-c]quinoline-2,5(6H)-dione (1) and 3-nitro-4-hydroxypyrano[3,2-c] quinoline-2,5(6H)-dione (10) to get a new skeleton of pyrano quinolinones incorporating 1,4-oxazine ring at face c, with the hope that these compounds turn out to be biologically active.
Experimental
Melting points (mp) were recorded on Sanyo Gallenkamp MPD 350-BM 3.5 melting point apparatus. Thermo Nicolet Nexus 470 FTIR spectrometer was used for infrared (IR) analyses. Proton ( 1 H) and carbon-13 ( 13 C) nuclear magnetic resonance (NMR) spectra were recorded at room temperature in base-filtered DMSO-d 6 or CDCl 3 as a solvent and tetramethylsilane (TMS) as an internal standard on a Bruker Avance III-400 MHz or Varian-400 MHz instrument operating at 400 MHz for protons and 101 MHz for carbon. Elemental microanalyses were performed on PerkinElmer CHN 2400II at the Chemical War department, Ministry of Defense, Cairo, Egypt. Electrospray ionization mass spectrometry (ESI-MS) was recorded on a Micromass LC-ZMD single quadrupole liquid chromatography mass spectrometer. Analytical thin layer chromatography (TLC) was performed on aluminum-backed 0.2 mm thick silica gel 60 F254 plates. Eluted plates were visualized using a 254 nm UV lamp. Column chromatographic separations were carried out with silica gel 60 (40-63 microns) as the stationary phase and using the analytical reagent (AR) or high performance liquid chromatography (HPLC) grade solvents as indicated. Starting materials, reagents, drying agents and other inorganic salts were generally commercially available and were used as supplied. A mixture of compound 1 (3 g, 10 mmol) and oxalyl chloride (0.9 mL, 2 mmol), in dichloromethane (50 mL), was heated under reflux for 2 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was cooled to room temperature. The precipitated solid was filtered off, air dried, and recrystallized from ethanol (EtOH) to give compound 2 as yellow crystals in 65% yield; mp > 300 °C; IR (KBr) ν / cm 
To a solution of compound 1 (3 g, 10 mmol) in tetrahydrofuran (THF) (25 mL), an equivalent amount of 2,3-dichloropyridine (1.48 g, 10 mL), was added and the reaction mixture was stirred at room temperature until the reaction was completely judged by TLC (6 h). The reaction mixture was poured on ice (200 g). The obtained precipitate was filtered, washed with water (3 × 10 mL), dried and crystallized from ethanol to furnish 3 as yellow crystals in 50% yield; mp 178-179 °C; IR (KBr) ν / cm (6) A mixture of compounds 1 (3 g, 10 mmol) and 2,3-dichloroquinoxaline (1.98 g, 10 mL) with DMF (50 mL) containing few drops of triethanolamine (TEA) was heated under reflux for 4 h. During this time the targeted compound 6 was precipitated. The reaction mixture was cooled to room temperature. The obtained solid was filtered, washed with ethanol (3 × 10 mL) and crystallized from acetic acid to give the corresponding compound 6 as pale yellow crystals in 69% yield; mp > 300 °C; IR (KBr) ν / cm - A mixture of compound 1 (3 g, 10 mmol) and phenacyl bromide (2 g, 10 mmol), in DMF (50 mL) containing few drops of TEA, was heated under reflux for 3 h. After cooling, the reaction mixture was poured onto ice water. The precipitated solid was filtered off, washed with water, air dried, and crystallized from DMF to give compound 7 as pale brown crystals in 63% yield; mp > 300 °C; IR (KBr) ν / cm (8) A mixture of compound 1 (3 g, 10 mmol) and dry acetonitrile (50 mL) containing NaH (0.24 g, 10 mmol) was stirred at room temperature for 30 min. During this time, ethyl bromoacetate (1.11 mL, 10 mmol) was added dropwise to the previous mixture. The reaction mixture was heated under reflux for 6 h and it was monitored by TLC. At the end of the reaction, the reaction mixture was filtered on hot and the filtrate was poured on ice (200 g). The resulting solid was chromatographed on a silica gel column eluted with ethyl acetate/hexane (6:4, v:v) Method (i): a mixture of compound 1 (3 g, 10 mmol) and chloroacetic acid (0.85 g, 10 mmol), in DMF (50 mL) containing few drops of TEA, was heated under reflux for 2 h. The progress of the reaction was monitored by TLC. After completion of reaction, the reaction mixture was poured onto ice (200 g). The precipitated solid was filtered off, washed with water (3 × 20 mL), air dried, and crystallized from DMF to give compound 9 as pale yellow crystals in yield 48%; mp > 300 °C.
Method (ii): to a mixture of 8 (3.86 g, 10 mmol) in glacial acetic acid (80%) (40 mL), acetic anhydride (20%) (10 mL) was added then heated under reflux until the reaction was completely analysed by TLC (8 h). The reaction mixture cooled to room temperature and poured on ice (200 g). The formed precipitate was filtered, washed with water (3 × 20 mL), dried and crystallized from DMF to give compound 9 as pale yellow crystals in 80% yield; mp > 300 °C; IR (KBr) ν / cm - A mixture of compound 10 (3.3 g, 10 mmol) and dry acetonitrile (50 mL) containing NaH (0.24 g, 10 mmol) was stirred at room temperature for 30 min. During this time, bromoacetonitrile (1.2 mL, 10 mmol) was added dropwise and the reaction mixture was heated under reflux for 12 h and it was monitored by TLC. At the end of the reaction, the reaction mixture was poured on ice (200 g). The obtained dark brown solid was filtered, washed with water (3 × 20 mL), dried and rechromatographed on silica gel column eluting with a mixture of ethyl acetate/hexane in the ratio of 9:1 (v:v) to give compound 11 as brown crystals in 47% yield; mp 180-182 °C; IR (KBr) ν / cm - Method (i): to a stirred solution of 11 (3.69 g, 10 mmol) in acetic acid (50 mL), powdered iron (Fe) (3.35 g, 60 mmol) was added and the reaction mixture was stirred for 5 min at room temperature and immediately it was cooled to 0 °C. The reaction mixture was stirred for 2 min in ice cold water bath (slightly exothermic), then it was refluxed for 2.5 h. The progress of the reaction was monitored by TLC. After completion of the reaction, the reaction mixture was cooled to room temperature and the acetic acid was removed under reduced pressure, ethyl acetate (EtOAc) (150 mL) was added and was stirred for 2 min, and then filtered to remove any iron impurities. The insoluble iron residue was washed with EtOAc (100 mL).The filtrate and washings were combined and dried over anhydrous magnesium sulfate (MgSO 4 ). The solvent was removed under reduced pressure and the crude solid obtained was then chromatographed on silica gel column eluting with a mixture of ethyl acetate/hexane (9:1, v:v, ratio) to give after evaporation of the identical fractions monitored by TLC the pure product 12 as yellow crystals in 60% yield; mp 210-212 °C.
Method (ii): a mixture of compound 1 (3 g, 10 mmol) and DMF (50 mL) containing NaH (0.24 g, 10 mmol) was stirred at room temperature for 30 min. During this time, one molar ratio (0.8 mL, 10 mmol) of chloroacetylchloride, was added dropwise and the reaction mixture was heated under reflux for 12 h and it was monitored by TLC. At the end of the reaction, the reaction mixture was poured on ice (200 g). 
6-Butyl-4-chloro-3-nitropyrano[3,2-c ]quinoline-2,5(6H)-dione (13)
A solution of compound 10 (3.3 g, 10 mmol) in phosphoryl chloride (15.2 mL, 100 mmol) was refluxed for 2 h. The excess solvent was removed by distillation and the residue poured on ice water (100 mL). A mixture of compound 13 (3.48 g, 10 mmol), tin metal powder (4.00 g, 33 mmol) and concentrated HCl (30 mL) was stirred at 130 °C for 1 h. Methanol (25 mL) was added to the reaction mixture. The mixture was heated under reflux for 2 h until the color became clear yellow. The reaction mixture was filtered on hot and the filtrate poured on ice (200 g). To a solution of compound 14 (3.18 g, 10 mmol) in DMF (50 mL), were added 2-bromophenol (1.15 mL, 10 mmol) and NaH (0.48 g, 20 mmol). The mixture was refluxed for 12 h, at which point TLC analysis indicated that the reaction was completed. The reaction mixture was then poured into ice cold water (100 mL). The precipitate was collected by filtration and washed with water, EtOH, and ether. Recrystallization from AcOH gave pure 16 as yellow crystals in 60% yield; mp > 300 °C; IR (KBr) ν / cm 
Results and Discussion
The 3-amino-4-hydroxypyranoquinolinone (1), as 1,4-bifunctional nucleophiles, represents a good building block for synthesis of many analogues of 1,4-oxazinopyranoquinolinediones, via its heterocyclization reactions with a variety of 1,2-dichloro derivatives. Thus, cyclocondensation of compound 1 with oxalyl chloride in dry dichloromethane gave oxazinopyranoquinolinone 2, which was present as interconverting keto and enol tautomers (Scheme 1). The IR spectrum of the product exhibited absorption bands at 1744, 1703, 1662 and 1633 cm -1 attributed to the four C=O groups of pyrone, 2,3-oxazindione and quinolinone, respectively. The In order to obtain a novel series of 1,4-oxazinopyranoquinolinone, the reaction of the amine 1 was studied towards some ortho-dichloroheterocycles, as 1,2-bifunctional electrophiles. Thus, condensation of compound 1 with 2,3-dichloropyridine in stirring THF, at room temperature, may lead to the N-arylated adduct 3 or the o-arylated adduct 4. Analytical and spectral results for the product of this reaction evoked the proposal of obtaining 6-butyl-3-(3-chloro-pyridin-2-ylamino)-4-hydroxypyrano [3,2-c]quinolone-2,5(6H)dione (3) (Scheme 1). The formation of compound 3 is happening as a result of easy nucleophilic attack of the amino group at 4-position of pyran ring to the chloride at 2-position in 2,3-dichloropyridine which is more suitable for nucleophilic substitution than that at 3-position. IR spectrum indicated that the product did not posses amino group which participates in a nucleophilic substitution reaction. IR spectrum showed two characteristic vibrational absorption bands at ν max = 3458 and 3220 cm -1 which corresponded to OH and NH functionalities. The 1 H NMR spectrum of compound 3 showed two deuterium-exchangeable singlet signals at 9.27 and 13.98 ppm assignable to (NH) and (OH) protons, respectively. Intermolecular heterocyclization at face c of the pyran moiety can take place when compound 3 is heated with DMF containing NaH. Since, the chlorine atom at position-3 of pyridine ring is susceptible to nucleophilic substitution by the OH function at position-4 of pyran moiety to afford polyfused heterocyclic system 5 (Scheme 1). Evidence for the formation of 1,4-oxazinopyrano[3,2-c] quinolinedione derivative (5) is from its IR and 1 H NMR spectra which showed the absence of the hydroxyl group. Furthermore, the ESI-MS spectrum of compound 5 exhibited its [M + Na] + ion (m/z 398.1), which is in accordance with its structure. In order to obtain another derivative of 16-butyl-7,16-dihydro-quinoxalino (6), we have studied the reaction of compound 1 with 2,3-dichloroquinoxaline 21 in boiling DMF containing NaH. IR spectrum of product 6 showed the absence of two stretching vibration bands due to the amino group, and the appearance of a new stretching signal due to N-H group at 3292 cm -1 . The N-H proton is observed at 9.01 ppm as a singlet signal in the 1 H NMR spectrum of compound 6. Furthermore, compound 6 showed a quasi-molecular ion peak at m/z 427. Next, compound 1 was used for the synthesis of a novel tetra-fused system, 6-butyl-3-phenyl [1, 4] oxazino [2',3':4,5] pyrano[3,2-c]quinoline-5,12(6H)-dione (7), via the cyclo condensation with phenacyl bromide in boiling DMF containing NaH (Scheme 2). The 1 H NMR spectrum of compound 7 showed a characteristic singlet at 7.29 ppm attributed to the oxazine CH, in addition to an exchangeable signal at 8.94 ppm assigned to the NH proton. 13 (9) in low yield (48%) (Scheme 2). The 1 H NMR spectrum of product 9 suggests that it exists as interconverting keto and enol tautomers in deuterium dimethylsulfoxide solution. The 1 H NMR spectrum of compound 9 showed a new characteristic singlet signal at 7.33 ppm characteristic of the oxazine CH. 13 C NMR spectrum of compound 9 demonstrates the presence of fourteen sp 2 hybrid carbons in region 113.4-175.5 ppm due to the aromatic tetracyclic system. As well as, the result of the ESI-MS [M + H] + ion peak at (m/z 341.3, 100%) is in accordance with its structure. Our attempts to improve the yield of the above reaction by changing the reaction conditions were not successful.
We expected that an alternative method for the preparation of compound 9 through a two step reaction could produce better results. Thus, the N-alkylated adduct 8 was prepared by treating compound 1 with bromoacetonitrile, in molar ratio (1:1, m:v) in boiling acetonitrile containing sodium hydride as a basic catalyst and isolated by dry chromatography using ethyl acetate/hexane 6:4 (v:v) as the eluent. The IR spectrum of the product revealed the absence of the amino group and exhibited two new stretching vibration bands at 3094 and 1744 cm -1 due to Scheme 1. Synthesis of the compounds 2-6.
NH and the ester C=O groups, respectively. The 1 H NMR spectrum of the compound 8 confirmed the disappearance of the NH 2 signal, in addition to the appearance of characteristic singlet signal at 5.23 and 6.16 ppm assigned to the acetonitrile CH 2 and NH group, respectively. 13 C NMR spectrum showed the presence of three chemical shifts at 19.9, 42.3 and 206.9 ppm specific for ethyl group set of carbons CH 3 CH 2 CO 2 , besides chemical shift due to CH 2 of side chain at 40.4 ppm. Boiling the N-alkylated adduct 8, in AcOH and acetic anhydride (Ac 2 O) affected its intramolecular heterocyclization to afford oxazine derivative 9 in good yield 80% (Scheme 2).
Continuing the synthesis of new 1,4-oxazinopyrano [3,2-c]quinolone derivatives, we planned to prepare the o-alkylated adduct 11 as a synthon of further functionalized heteroannulated pyranoquinolone derivative. To approach this target, we carried out the o-alkylation reaction of nitropyrane 10 in the presence of NaH in acetonitrile under refluxing conditions. The o-alkylated adduct 11 was obtained in 47% yield. IR spectrum of compound 11 indicated a characteristic vibrational absorption band at ν max 2201 cm -1 , specific for nitrile function. The methylene protons of acetonitrile group were observed at 4.21 ppm in the 1 H NMR spectrum, while the sp 3 hybridized carbon atom of the active methylene group appeared at 56.4 ppm in the In the second step, we were mainly interested in the reduction of the nitro functionality followed by cyclization to afford the corresponding 1,4-benzoxazine (12) . Encouraged by earlier results with Fe/acetic acid system for double reductive cyclization reactions, 22, 23 we examined the reduction of adduct 11 in the presence of Fe/acetic acid under refluxing conditions. We were pleased to obtain 1,4-oxazinopyranoquinolinone derivative (12) 
Conclusions
Combination of 1,4-oxazine nucleus with pyranoquinolinone moiety in one molecular frame was successfully achieved via heterocyclization reactions of 3,4-bifunctional pyranoquinolinone with different reagents.
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